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• Primary cosmic rays from space produce 
cosmogenic nuclides (like 14C) in the atmosphere 
and generate a cascade of secondary cosmic 
rays. 
• These secondary cosmic rays (mostly neutrons 
and muons) cause reactions that produce rare 
nuclides at low-levels in the upper few meters of 
the solid Earth. If the production rate is known, 
then the surface exposure age of a rock can be 
determined from its rare nuclide concentration. 
• Chlorine-36 is a rare nuclide that is produced 
through cosmic ray reactions on Ca and is 
therefore useful for dating limestone (CaCO3) 
surface exposure. 
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